Summary.-l,2-Dimethylhydrazine, in contrast to 1-methylhydrazine, is a potent carcinogen for the colon in rats and mice. 1,2-[14C]Dimethylhydrazine was administered to rats and mice in doses which are carcinogenic following a single dose in the former species, or carcinogenic on repeated administration in the latter species, and the rate of 14CO2 exhalation was measured. Exhalation of 14CO2 was also studied after administration of single doses of 1-['4C]methylhydrazine to mice. Incorporation of radioactivity into the nucleic acids of a variety of organs was found at a time after injection (about 6 h) when 14CO2 production from both compounds was virtually complete. Methylation of nucleic acids of liver and colon, as indicated by the formation of 7-methylguanine, was observed after treatment with 1,2-dimethylhydrazine and to a smaller extent by a factor of about 10 after treatment with 1 -methylhydrazine. Less than 1% of a single dose of 1,2-[14C]dimethylhydrazine was excreted in the bile of rats as determined by chemical and radioactivity assays. The similarities of the biological and biochemical actions of 1,2-dimethylhydrazine with those of some nitroso compounds and of cycasin (methylazoxymethanol glucoside) are emphasized.
1,2-DIMETHYLHYDRAZINE is a potent carcinogen when given in repeated doses to rats (Druckrey et at., 1967) , mice (Wiebecke et al., 1969) and hamsters (Osswald and Kruger, 1969) , producing predominantly tumours of the large bowel in all 3 species and also squamous carcinomata in the anal region in mice (Hawks, Farber and Magee, 1971/1972; Haase et al., 1973) . Severe progressive liver damage, sometimes with ascites and chronic nephritis of varying severity, was observed in mice receiving repeated doses of the compound, in addition to adenomatous polyps and adenocarcinomata of the colon (Haase et al., 1973) . Single doses 1,2-dimethylhydrazine also induce kidney and colon tumours in rats (Druckrey, 1970; Hawks et al., 1974) , massive cystic biliary hyperplasia in rats (Druckrey, 1970; Hawks et al., 1974) , and kidney and anal margin tumours in mice (Hawks et al., 1974) . Low doses given in the drinking water do not produce intestinal tumours but haemangioendotheliomata of liver in rats (Druckrey, 1970) . Angiosarcomata of blood vessels also occur when 1,2-dimethylhydrazine is administered in the drinking water to mice (Toth and Wilson, 1971) and hamsters (Toth, 1972a) . Lung tumours can also be induced in Swiss mice of both sexes (Toth and Wilson, 1971) .
1, 1-Dimethylhydrazine was reported not to be carcinogenic in male CDF mice (Kelly et al., 1969) or in rats (Argus and Hoch-Ligeti, 1961) , or only weakly so (Druckrey et al., 1961) . In contrast, the unsymmetrical isomer did induce pulmonary adenomata in female Swiss mice (Roe, Grant and Millican, 1967) and has recently been shown to induce vascular tumours in lung, kidney and liver of mice of the same strain (Toth, 1972b) . 1 -Methylhydrazine (monomethylhydrazine) has been reported not to be car-cinogenic in mice (Kelly and O'Gara, 1965; Roe et al., 1967; Kelly et al., 1969; Mirvish et al., 1969) . However, it has recently been reported that the monomethyl derivative increased the incidence of pulmonary adenomata in Swiss mice (Toth, 1972c) and induced malignant histiocytomata of the liver, and increased the incidence of adenomata and adenocarcinomata of the caecum in Syrian golden hamsters (Toth and Shimizu, 1973) .
1,2-Dimethylhydrazine does not produce tumours at the site of injection, from which it is presumed that it requires metabolism for activation (Druckrey, 1970) .
1,2-Dimethylhydrazine, 1,1-dimethylhydrazine and 1-methylhydrazine are oxidatively demethylated by rat liver microsomal preparations in vitro (Wittkop, Prough and Reed, 1969) . The similarities in the metabolism of 1,2-dimethylhydrazine and other carcinogens such as cycasin and dimethylnitrosamine, for which the same ultimate carcinogenic metabolite has been postulated, have been discussed previously (Preussmann et al., 1969; . Weisburger (1971) has proposed that 1,2-dimethylhydrazine induces colon tumours because it is metabolized in the liver to methylazoxymethanol (the proximate carcinogen of cycasin) and excreted as the glucuronide in the bile; the conjugate is postulated to be hydrolysed by enzymes of the gut flora, releasing methylazoxymethanol at the site of tumour productioin. 1,2-Dimethylhydrazine has previously been shown to methylate mouse liver and colon nucleic acids in vivo whilst Kruger, Wiessler and Rucker (1970) (Hawks et at., 1971). The 1-[14C]methylhydrazine chromatographed as one peak with the same Rf as 1-methylhydrazine in the thin layer chromatography system described below.
The 1,2-['4C]dimethylhydrazine co-chromatographed with authentic 1,2-dimethylhydrazine but approximately 600 of the radioactivity co-chromatographed with 1-methylhydrazine. Attempts to separate this impurity were unsuccessful.
Preparation of solutions for injection.-A 0-35°O solution of 1,2-dimethylhydrazine was prepared as previously described (Pegg and Hawks, 1971 (Swann, 1968 (225 mg/kg body weight and specific radioactivity 0-012 mCi/mmol). All animals were kept in metabolism cages placed in a fume cupboard and given food and water ad libitum. The urine was collected, the volume recorded, samples taken for radioactivity measurement and assayed for either 1-methylhydrazine or 1,2-dimethylhydrazine. The expired 14CO2 was collected in 2 mol/l NaOH, converted to barium carbonate (Swann, 1968) specific radioactivity 1-1 mCi/mmol). 1,2-[14C]Dimethylhydrazine was diluted with unlabelled 1,2-dimethylhydrazine, to give specific radioactivity 0 035 mCi/mmol, before administration to 5 male Wistar (100 g) rats (200 mg/kg body weight). All animals were starved for 16 h before injection and during the experiment, kept in a fume cupboard and the expired 14CO2 was collected in 2 mol/l NaOH. Animals were killed by cervical dislocation after 6 h and the tissues excised and frozen in liquid N2. DNA and RNA were extracted from the same tissue sample by a phenol procedure (Swann and Magee, 1968) . The nucleic acids were hydrolysed in 1 mol/l HCI and chromatographed on a Dowex 50W (X12; H+ form) column (10 cm x 1 cm) (Magee and Farber, 1962) . Fractions were collected, E260 measured and evaporated to dryness. The residue was dissolved in hyamine hydroxide (1 mol/l in methanol) for radioactivity assay. The amount of 7-methylguanine formed was used as an estimate of nucleic acid methylation as it is the major nucleic acid alkylation product . The amount of 7-methylguanine formed in vivo from the injected 1-methylhydrazine or 1,2-dimethylhydrazine was calculated from the amount of radioactivity in the peak of 7-methylguanine. It was assumed that the specific radioactivity of the 7-methylguanine was the same as that of the methyl groups of the injected compounds. This assumption is true for dimethylnitrosamine (Swann and Magee, 1968) . The amount of guanine was calculated from the extinction of the peak of guanine by assuming an E260 in acid of 8000. No correction was made for the incorporation of radioactivity into the small amount of 7-methylguanine normally present in RNA.
RESULTS AND DISCUSSION
The time courses of 14CO2 exhalation in rats and mice following treatment with either 1-[14C]methylhydrazine or 1,2-[14C]dimethylhydrazine are shown in Fig. 1 . The amount of 14CO2 exhaled in a 24 h period is shown for each compound in Table I . For 1-methylhydrazine (15 mg/kg body weight) in mice, 7% of the injected radioactivity was expired as 14CO2 and 36% excreted in the urine. These findings are similar to those found in rats with a similar dose (Dost et al., 1966) . 1-Methylhydrazine was found to be completely cleared from the blood in 3 h. With 1,2-dimethylhydrazine (15 mg/kg body weight) 0.9%0 and 0 4%0 respectively of the injected radioactivity in the bile (Table I) . Thin layer chromatography of bile obtained from these experiments showed that all the radioactivity co-chromatographed with authentic 1,2-dimethylhydrazine and 1-methylhydrazine in the system described. Approximately 1% of the injected 1,2-dimethylhydrazine measured by the method of Preussmann et al. (1968) was detected in the bile (Table  II) . The basis of this estimation is the oxidation of the hydrazo-compound to the azo-compound, followed by an acid catalysed rearrangement to the hydrazone and its subsequent hydrolysis to yield 1 mol of formaldehyde. The formald.ehyde was assayed by the method of MacFadyen (1945) . Included in this measurement would be the formaldehyde produced from any /8-glucuronide of methylazoxymethanol present as postulated by Weisburger (1971 WAeisburger's hypothesis. This finding for 1,2-dimethylhydrazine is in contrast to that with another colon carcinogen 3-2'-dimethyl-4-aminobiphenyl (Spjut and Noall, 1970) .
The amount of nucleic acid methylation following the administration of either agent was determined at 6 h as the majority of metabolism of both compounds had occurred by that time (Fig.  1 ) and the 1-methylhydrazine was completely cleared from the blood. The extent of methiylation of various organs of rats and mice for both compounds is shown in Table III . The formation of 7-methylguanine was taken as a measure of nucleic acid methylation as it is quantitatively the major reaction product. No allowance for any 3-methyladenine was made. This reaction product would elute at a similar volume to 7-methylguanine in the chromatographic system used (Lawley and Thatcher, 1970) . However, the contribution of this component to the total extent of methylation is likely to be small (Lawley and Thatcher, 1970) . No estimation of the quantitatively minor alkylation products was made because of the low specific radioactivity of the 1,2-[14C]dimethylhydrazine. It is evident that 1,2-dimethylhydrazine methylates nucleic acids in vivo in both rats and mice. Furthermore, 1,2-dimethylhydrazine, like the nitrosamines, methylates RNA to a greater extent than DNA and unlike methyl methanesulphonate (Swann and Magee, 1968) .
The extent of nucleic acid methylation in mice following a single injection of 1-methylhydrazine is some 10 times less in liver and colon compared with 1,2-dimethylhydrazine. It is thus unlikely that contamination of 1,2-[14C]dimethylhydrazine with a small amount of 1-
[14C]methylhydrazine (6% of radioactivity) can account for the methylation by the former agent.
1,2-Dimethylhydrazinetherefore methylates nucleic acids in vivo in the organs where tumours are induced in both rats and mice in a manner similar to nitrosamines, nitrosamides and cycasin. The molecular mechanism of action of 1,2-dimethylhydrazine thus appears to be different from that of 1,1-dimethylhydrazine and l-methylhydrazine and this difference may be reflected in the different patterns of pathological change induced by the latter two compounds. 
